Abstract. Development of a syrinx several years post spinal cord trauma is a well-known entity and described in a number of scientific communications. Each one describes the few cases encountered with the clinical presentations; many report results of myelography with positive or negative contrast media, operative procedures, and eventual outcome as well as discussions of autopsy material. It is believed by many investigators and clinicians that surgical intervention frequently stops the progression of the syrinx and sometimes even reverses the symptomatology. Early exact diagnosis is thus paramount.
Introduction
DISSOCIATED sensory 10ss-thermo-anaesthesia and analgesia-over several cervical segments unilateral, symmetrical or asymmetrical with or without muscle weakness and atrophy are the cardinal symptoms of syringomyelia. Frequently there also is early kyphoscoliosis due to damage of the dorsomedian and ventromedian nuclei. Later upper motor neuron signs in the lower extremities appear and neurogenic bladder and bowel. This fully expressed symptomatology offers little challenge to full recognition. At times, however, there is quite a variance to this symptom complex; even superficial pain and temperature awareness may be intact (Magee & Schneider, 1967) or dissociated sensory loss may be mimicked by other lesions (Finlayson, 1974) . This then presents significant diagnostic problems.
Development of a syrinx after a spinal cord injury mostly begins with pain in the neck, back, arms and/or hands followed by objective motor, sensory and reflex changes (Martin & Maury, 1964; Barnett et ai., 1973) . Symptoms often extend up from the previous lower level of injury and lower limb weakness may increase in incomplete lesions. With the frequently existing problems of root irritation, compression syndromes, and muscle strains through faulty and un physiological body mechanics, early recognition in especially this form of syringo myelia is frequently difficult. The often-observed positive results after surgical intervention compounds the necessity of early, correct diagnosis CRossier et ai., Werner et ai., 1969; Barnett et ai., 1973) . This communication hopes to stress the place of electrodiagnostic studies in a proper work-up for such a symptom complex.
Method and Material
Six patients presenting with increasing motor and sensory deficits, four of them with typical dissociation, were studied electrodiagnostically in addition to complete clinical examination and myelography. Two patients were diagnosed as 'true' syringomyelia (one congenital and one acquired) and three were previous spinal cord injury patients in whom the diagnosis of a post-traumatic syrinx was made. One additional spinal cord injury patient was found to have only root irritation.
Electrodiagnostic studies consisted of sensory and motor nerve conductions in the median, ulnar, sural, and peroneal nerves and one-and two-channel electro myography was performed. A Teca Model T 41 with a built in stimulator and chronaximeter was used. For stimulation rectangular pulses of o'! to 0'2 ms duration were applied through surface electrodes. Electromyography was performed with coaxial needles, stimulation studies with superficial recording electrodes. Skin temperature was monitored. Strength-duration curves were also done on some of the involved muscles in every patient. The findings of the spinal cord injury patients with post-traumatic syrinx were compared with those found in the 'true' syringomyelia patients and the patient with root irritation.
Review of Patients
I. Nineteen-year-old white male patient (E. C.) presenting with neck and head pain and weakness in the right arm. There was increased right deep tendon reflexes and Babinski and dissociated sensory loss. Cervical dye myelogram showed widening of the spinal canal from C2 to C5. The patient had a laminectomy performed and an anterior cyst and a low-grade glioma were found. Postoperatively the patient improved in his function. Electrodiagnostic studies showed normal nerve conduction studies. The electromyogram of the right biceps, wrist flexors and first dorsal interosseous revealed an increase in polyphasia and an increase in action potential duration up to 20 ms (normal 6-12 ms). Amplitudes were up to 4000 microvolts. There was a minor increase in synchronisation on two-channel electromyography. Otherwise findings were within the norm.
2. Forty-eight-year-old white male (B. D.) who had insidious onset of weakness and sensory changes 21 years prior to the examination. He now has absent upper extremity deep tendon reflexes, and the lower extremities show 4+ knee and ankle jerks bilaterally equal and bilateral Babinski's. The patient has a spastic gait and weakness and atrophy of right hand muscles. There is dissociated sensory loss bilateral from C4 to T2. Electro diagnostic studies showed normal nerve conduction. There were giant potentials and marked increase in polyphasia in the opponens pollicis, first dorsal interosseous, biceps and deltoid; and two-channel electromyography showed a marked increase of synchronisa tion in the biceps and brachioradialis.
3. Thirty-two-year-old white male patient (S. W.) who had a C5-6 traumatic myelopathy in 1972 presented with pain in the right side of his neck and increasing weakness and numbness including the face around the mouth 3 years after injury. Dye myelogram was within the norm. Electrodiagnostic studies showed a slight increase of potential duration in the trapezius. Polyphasia was 30 per cent and on maximal effort there was good recruitment. Amplitudes were up to 3000 microvolts. Two-channel EMG showed no increase in synchronisation. The right biceps showed potential duration up to 14 ms, amplitudes up to 6000 microvolts and polyphasia 50 per cent. Synchronisa tion was 40 to 50 per cent. The findings in the right biceps did not present any change from an examination performed prior to the onset of the new symptoms.
4. Thirty-seven-year-old white male patient (D. B.) with a complete C6 tetraplegia from a fracture of C5 to C7 in August 1970 had good recovery and in 1974 had a normal muscle test and sensory examination above TI bilateral. Since then he has lost muscle strength in the distribution from C5 to C8 bilateral. Sensory level extended from TI to C2-3 on the right and C8 on the left. The patient had neck pain radiating to both upper extremities especially when bending the trunk forward. Air myelography showed an increase of the antero-posterior diameter at C3. Electrodiagnostic studies were performed twice, first in 1975 at which time there were normal nerve conductions. The electro myogram showed I to 2 + fibrillation and narrow phasic polyphasia with normal duration. Amplitudes were up to 3500 microvolts. There was an interference pattern of 70 per cent. On two-channel electromyography there was no increase in synchronisation. This examination was not suggestive of syringomyelia. Repeat examination in March 1976 showed I to 2 + fibrillation and fasciculations most marked in the right triceps. There was an increase of amplitudes up to 5000 microvolts and duration was up to 22 ms. Polyphasia was 50 per cent. Synchronisation on two-channel electromyography was 95 per cent. Strength-duration curve of the deltoid was normal. Curve of the triceps showed a slight kink.
5. Forty-four-year-old white male patient (S. T.) who sustained a complete trau matic myelopathy at T5 in February 1973. In October 1974 the patient began having shooting pains around the T 4 level radiating into both arms. He also had numbness in the left hand and face and showed depression of the right biceps and triceps deep tendon reflexes. There was dissociated sensory loss from C2 to T2 on the left and decreased muscle strength noted on the left side extending to C5. Air myelogram showed an increase of the antero-posterior diameter of the spinal cord suggesting a syrinx which was confirmed on surgery on 14 June 1976. Electrodiagnostic studies showed generalised normal nerve conduction study except for bilateral tardy ulnar palsies. Electromyogram showed I + fibrillation and fasciculation in the right biceps and triceps. There was an increase in potential duration up to 20 ms. Polyphasia was 25 per cent and amplitudes were up to 5000 microvolts. On maximal effort there was recruitment of 80 to 90 per cent. Synchronisation was markedly increased. Strength-duration curves of the biceps and triceps showed a slight kink.
6. Fifty-five-year-old white male patient (E. 0.) who received a traumatic left C6, right C5 incomplete sensory and motor myelopathy in 1953. In the last 3 years the patient has shown increasing upper extremity weakness and also loss of ambulatory capabilities because of increasing leg weakness. The patient complained of an 'ice pack pressure' feeling on his back, head and neck. Air myelogram confirmed an increased diameter of the cervical cord suggestive of a syrinx which was confirmed on surgery on 
Results
Nerve conduction studies, sensory and motor, were all within the norm eXLl:.pL for subject NO. 5 who showed markedly decreased amplitudes in both evoked ulnar nerve sensory potentials and slowing of the ulnar motor nerve conduction across both elbows (Tables I and II) . Subjects 3 to 5 showed somewhat lowered evoked sensory potential amplitudes which is a common finding in spinal cord injury patients at least at certain times during their convalescence.
Electromyography. All patients exhibited increased polyphasia from 30 to 50
per cent and increased potential duration mainly up to 20 ms (Table III , Fig. I ).
Amplitudes were 5 to 10,000 microvolts in many of the involved upper extremity muscles. Spontaneous potentials, fibrillation, and positive sharp waves were ob served only in nine muscles of two patients. Two patients showed fasciculations (Fig. 2) . Increased synchronisation on two-channel electromyography was observed in all patients in the involved muscles even in some of those who showed clinically still normal strength (Figs. 3 and 4) except for patient NO. 3. Strength-duration curves were normal except for three that showed minor kinks between 10 and 3 ms (Fig. 5) . Patient NO. 3 who was not found to have a syrinx showed no increase in synchronisation in the newly involved area (Fig. 6) . The findings in the biceps and brachioradialis were present before the increase of symptomatology and were due to the anterior horn cell involvement at the level of the injury. 
Discussion
Nerve conduction studies were all within the norm as could be expected and is reported by Fincham and Cape (1968) except for one patient who showed bilateral tardy ulnar palsies. This apparently is not uncommon in patients with syringomyelia as observed by Jacobi and Krott (1975) who reported on 10 patients out of 28 such involvement and Glatzel and Griines (1976) in 7 out of 16 patients. Repeated microtrauma and neurogenic arthropathies were thought to be the cause. Jacobi and Krott (1975) felt that the ulnar palsy may well be an early finding in syringomyelia which certainly underlines the extreme importance of good and exact electrodiagnostic work-up. The electromyogram showed as most significant abnormalities an increase of polyphasia, potential duration and amplitude. While this is always suggestive of anterior horn cell involvement, it in itself is not diagnostic since any long-standing neurogenic process will show similar potentials. Our findings go along with Stalberg's, Schwartz's and Trontelj's, (1975) observation of marked increased fibre density and potential duration on single fibre electro myography while Glatzel and Griines (1976) reported normal motor unit action potential duration in 16 patients with syringomyelia unless peripheral nerve lesions were also present.
It was interesting to note that in contrast to much of the existing literature (Rodriquez & Oester, 1961; Finlayson, 1974) spontaneous potentials such as fibrillation and positive sharp waves were not by any means abundant. The two patients with non-traumatic syringomyelia did not show any at all, and among the post-traumatic syringomyelia patients only severely involved muscles showed I to 2 + fibrillation and positive sharp waves. This may well be because the development of a syrinx is a very slow process in 'true' syringomyelia which allows for de generation quickly followed by sprouting regeneration without definite spontaneous potentials becoming evident until most of the anterior horn cells are involved. Since the post-traumatic syrinx is quicker in its evolution more frequently spontaneous potentials may be observed. While early in the disease polyphasic units with normal and only minimally increased duration and narrow phases may be present, with increased time there usually is increased potential duration and few phasic polyphasic action potentials whose amplitudes may reach giant potential dimensions. Fasciculations, also always considered as a characteristic for anterior horn cell disease, were observed in many muscles of two patients with very high repetition. We have found the most helpful characteristic evidence suggesting anterior horn cell lesion to be the increased synchronisation in two channel electro myography. (All patients had normal electrolyte studies when the electrodiagnostic studies were performed.)
Strength-duration curves were not helpful except that in peripheral involve ment there is an earlier sign of denervation than in anterior horn cell involvement. If a weak muscle with abnormal electromyogram, therefore, shows still a relatively normal SD curve, this may be suggestive of anterior horn cell disease.
The greatest difficulty that we encountered was in the two patients that had previously a cervical spine injury and after some recovery then presented with increasing symptomatology caused by a syrinx. Since the previous injury could have caused some increased synchronisation and typically large polyphasic action potentials, it was difficult to judge what was due to the new involvement caused by a syrinx formation. This certainly underlines the recommended necessity to study spinal cord injury patients electrodiagnostically early in their injury so that a good baseline exam can be reported and any change then be recognised more easily as representing new anterior horn cell involvement. In spinal cord injury patients the major differentiation is frequently from root irritation or compression syndromes. The best criteria to rule out radiculopathy is the lack of synchronisation on two channel electromyography and also the generally less marked increase in amplitude and duration with polyphasics showing more narrow phases. Also the strength duration curves have a tendency to show more abnormality than with anterior horn cell involvement. Compression syndromes may be recognised by nerve conduction abnormalities.
SUMMARY
Because of the frequently encountered difficulty in early diagnosis of a post traumatic syrinx and the general lack of information available in the literature, electro diagnostic studies of six patients are reported who were investigated for a symptom complex suggestive of syringomyelia. The most helpful diagnostic criteria were found to be increased synchronisation on two-channel electro myography often even in clinically uninvolved muscles, increased polyphasic and motor unit action potential duration with or without increased amplitude. Fascicu lations were frequently encountered with high frequency repetition. Fibrillations and positive sharp waves were only observed in two patients, none in the 'true' syringomyelia patients.
This appears to be a major difference in findings between 'tru.e' syringomyelia and post-traumatic syrinx most likely related to the time factor in the development. In differentiation from root irritation, a lack of synchronisation and short duration motor unit action potentials with normal amplitudes were significant in radiculo pathy.
Because of reported frequent occurrences of osteoarthropathies causing ulnar neuropathies at the elbow and median nerve lesions at the wrist, care must be taken to delineate the respective nervous system lesions. In spinal cord injury patients, possible proximal nerve compression or root irritation must be ruled out. Therefore, early complete electro diagnostic evaluations of spinal cord injury patients as baseline studies are recommended.
RESUME
Vu la frequence des difficultes posees par Ie diagnostic precoce des syrinx post traumatiques et Ie manque d'informations dans la literature, les auteurs rapportent les n!sultats de leurs examens electrodiagnostiques chez six patients pn!sentant un tableau c1inique complexe suggestif de syringomyelie.
Les criteres diagnostiques les plus utiles se sont reveles etre une plus grande synchron isation de l'electromyographie sur deux canaux, meme pour des muscles c1iniquement intacts, une augmentation des potentiels polyphasiques et une prolongation de la duree des potentiels d'action d'unite motrice, avec ou sans augmentation d'amplitude. Des fascicula tions ont ete frequemment observees, avec une haute frequence de repetition. Fibrillations et ondes positives n'ont ete retrouvees que chez deux patients, dont aucun ne rentrait dans la categorie des patients avec une 'vraie' syringomyelie.
II semble y avoir une difference majeure entre les resultats observes dans les 'vraies' syringomyelies et dans les syrinx post-traumatiques, l'explication residant plus que probable ment dans Ie facteur developpement dans Ie temps du processus pathologique. 
